Background: Adenocarcinoma (ADC) of the lung exhibits different clinicopathological characteristics in men and women. Recent studies have suggested that these differences originate from the expression of female sex hormone receptors in tumor cells. The aim of the present study was to evaluate the immunohistochemical expression of female sex hormone receptors in lung ADC and determine the expression patterns in patients with different clinicopathological characteristics. Methods: A total of 84 patients with lung ADC who underwent surgical resection and/or core biopsy were recruited for the present study. Immunohistochemical staining was performed for estrogen receptor α (ERα), estrogen receptor β (ERβ), progesterone receptor (PR), epidermal growth factor receptor (EGFR), EGFR E746-A750 del, and EGFR L858R using tissue microarray. Results: A total of 39 (46.4%) ERα-positive, 71 (84.5%) ERβ-positive, and 46 (54.8%) PR-positive lung ADCs were identified. In addition, there were 81 (96.4%) EGFR-positive, 14 (16.7%) EGFR E746-A750 del-positive, and 34 (40.5%) EGFR L858R-positive cases. The expression of female sex hormone receptors was not significantly different in clinicopathologically different subsets of lung ADC. Conclusions: Expression of female sex hormone receptors is not associated with the prognosis and clinicopathological characteristics of patients with lung ADC.
Lung cancer is a difficult malignancy to treat and has a high mortality rate worldwide [1] . Smoking was thought to be a major cause of lung cancer, but a large number of lung cancer cases have occurred regardless of smoking status, especially adenocarcinoma (ADC) in women [2, 3] . As female sex hormones were demonstrated to be involved in the differentiation and maturation of fetal lung tissue [4] , it was suggested that they may also be involved in the development and tissue differentiation of lung cancer. The risk of lung ADC is lower in women with menopause at a relatively young age, and a significant positive correlation has been identified between hormone replacement therapy and the incidence of lung ADC [5, 6] , suggesting that female sex hormones may serve certain roles in the development of lung ADC. Mollerup et al. [7] demonstrated that estrogen receptor (ER) gene expression was significantly increased in the normal lung tissue of patients with non-small cell lung cancer and non-small cell lung cancer cell lines; the effects of estrogen on cell proliferation were tissue-and cell type-specific. These results suggested a possible role of ERs in lung carcinogenesis [7] .
Studies on the prognostic effects of female sex hormone receptor expression on lung cancer have exhibited inconsistent results. In a study conducted by Kawai et al. [8] , patients with non-small cell lung cancer with upregulation of estrogen receptor α (ERα) and downregulation of estrogen receptor β (ERβ) exhibited poor prognoses. Stabile et al. [9] demonstrated that high expression of ERβ and low expression of progesterone receptor (PR) were associated with rapid progression of lung cancer. Hsu et al. [10] also reported that the prognosis of patients with ERβ-positive lung ADC was poor. By contrast, studies by Schwartz et al. [11] and Skov et al. [12] demonstrated that the expression of ERβ was associated with good prognosis in non-small cell lung cancer.
The aim of the present study was to analyze the association Expression of female sex hormone receptors and its relation to clinicopathological characteristics and prognosis of lung adenocarcinoma between female sex hormone receptor expression and clinicopathological characteristics of lung ADC and to determine the clinical significance of female sex hormone receptors and their potential use as prognostic factors.
MATERIALS AND METHODS
Patients diagnosed with lung ADC at Korea University Guro Hospital (Seoul, Korea) between 2010 and 2012 and treated or followed for > 1 month were included in this study, with the exception of those with a history of cancer or chemotherapy. Hematoxylin and eosin (H&E)-stained glass slides, paraffin tissue blocks, and medical records from 84 patients who underwent surgical resection or biopsy were collected. The medical records included clinical information such as sex, age, smoking history, menopause status, disease relapse, death, and follow-up period, as well as pathological information such as tumor size, stage, histological classification, invasion of vessels/lymph nodes/nerves, and epidermal growth factor receptor (EGFR) gene mutation peptide nucleic acid clamping quantitative polymerase chain reaction results. All of the glass slides, paraffin blocks, and clinicopathological information were provided by the Korea University Guro Hospital Biobank, which is a member of the Korea Biobank Network.
In the collected paraffin blocks, representative cancer areas were identified by contrasting with H&E-stained glass slides, and one to three 2-mm cores were obtained and transferred to empty paraffin blocks to construct tissue microarray (TMA) blocks. The TMAs were sectioned in 4-µm slices, mounted on glass slides, and stained with H&E. They were also stained immunohistochemically using a Bond-III automatic stainer (Leica Biosystems Nussloch GmbH, Wetzlar, Germany) or a Bench-Mark ULTRA automatic stainer (Ventana Medical Systems, Inc., Tucson, AZ, USA). The antibodies used were as follows: anti-ERα (Ready-To-Use [RTU], clone SP1, Ventana Medical Systems, Inc.), anti-ERβ (1:100, clone 14C8, Abcam, Cambridge, UK), anti-PR (RTU, clone 1E2, Ventana Medical Systems, Inc.), anti-androgen receptor (AR; 1:50, clone AR27, Leica Biosystems Nussloch GmbH), anti-EGFR (RTU, clone 3C6, Ventana Medical Systems, Inc.), anti-EGFR E746-A750 del (RTU, clone SP111, Ventana Medical Systems, Inc.), and anti-EGFR L858R (RTU, clone SP125, Ventana Medical Systems, Inc.).
The results of the immunohistochemical (IHC) staining were assessed independently by two pathologists (J.H.L. and B.K.S.) blinded to clinicopathological information, and the discrepancies were resolved by discussion. ERα, ERβ, and PR staining results were interpreted according to the Allred scoring method, which is a commonly used tool for the determination of female sex hormone receptors in breast cancer, and the staining was considered positive when tumor cell nuclei appeared brown [13] . The proportion of stained cells was scored as follows: 0, no positive cells; 1, < 1% positive cells; 2, 1%-10% positive cells; 3, 11%-33% positive cells; 4, 34%-66% positive cells; and 5, 100% positive cells. The staining intensity was scored as follows: 0, cell nuclei were not stained; 1, weakly stained; 2, moderately stained; and 3, intensely stained [13] . Subsequently, the sum of the two scores was calculated, and tissue samples with score > 2 were considered positive for ERα, ERβ, and/or PR expression. For AR, cell nuclear staining was considered positive regardless of the intensity of staining. For EGFR, EGFR E746-A750 del, and EGFR L858R, cell membrane staining was considered positive regardless of the intensity of staining [14] .
Pearson's chi-square test and Fisher exact test were used to evaluate the association between IHC staining and patient clinicopathological characteristics. Overall survival (OS) was defined as the period between the date of first diagnosis and the date of death or the last follow-up. Progression-free survival (PFS) was defined as the period between the date of first diagnosis and the date when recurrence or progression of lung ADC was confirmed or the last follow-up. A Kaplan-Meier survival curve was used for survival analysis, and the log-rank test was used to determine significant differences. Univariate and multivariate analyses of each factor were performed using the Cox proportional hazards model, and the results were considered statistically significant when the p-value was < 0.05. The Windows version of IBM SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis.
Ethics statement
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RESULTS
The detailed clinicopathological information of the study patients is presented in Table 1 . The male-to-female ratio was 43:41; 31 patients had a history of smoking. Of the 41 female patients, 32 were in menopause. According to the 8th edition of the American Joint Committee on Cancer (AJCC) cancer staging manual, stage I or II cancer was identified in 54 patients, whereas advanced stage III or IV cancer was identified in 30 patients. Histological pattern evaluation revealed an acinar pattern in 52 patients, a papillary pattern in 15 patients, a solid pattern in 10 patients, a lepidic pattern in six patients, and a mucinous pattern in one patient. By July 2018, signs of disease recurrence or progression were observed in 36 patients, among which 32 succumbed to disease.
The results of the IHC staining according to clinicopathological features are presented in Table 2 . Among the 84 cases, positive staining for ERα, ERβ, and PR was identified in 39, 71, and 46 cases, respectively. For ERα and PR, the staining was mainly restricted to tumor cell nuclei, whereas for ERβ, the staining was distributed in the nucleus and the cytoplasm. Microscopic images of the representative hormone receptor staining are presented in Fig. 1 . The expression of ERβ was more frequent in patients ≥ 65 years compared with patients < 65 years (p = .027), whereas that of PR was only weakly associated with old age and sex (p = .051 and p = .051, respectively). Sex, smoking history, tumor stage, and tumor size were not significantly associated with the expression of female sex hormone receptors, nor did the histological growth pattern exhibit any association with the expression of sex hormone receptors (ERα, p = .566; ERβ, p = .577; PR, p = .857).
Among the 84 cases, positive staining for AR was identified in only one patient, who was a 64-year-old male never-smoker. The associations between the expression of AR and other clinicopathological or molecular characteristics were not further analyzed due to the small number of positive cases. IHC staining of EGFR, EGFR E746-A750 del, and EGFR L858R demonstrated that of the 84 cases, 81, 14, and 34 cases were positive for each marker, respectively. No statistically significant associations were identified with clinicopathological features in patients with EGFR-or EGFR E746-A750 del-positive tumors. However, EGFR L858R-positive tumors were identified to be associated with a younger age (< 65 years vs. ≥ 65 years, p = .004) and more frequent in women compared with men (p < .001) and in patients without any smoking history compared with smokers (p = .036) ( Table 2) .
The expression levels of female sex hormone receptors were associated with one another (ERα and ERβ, p < .001; ERα and PR, p = .003; ERβ and PR; p < .001).
Molecular analysis of EGFR mutation status was performed in 51 patients, among which the EGFR 19 del mutation was identified in 16 cases (31.4%), the EGFR 20 insertion mutation in three cases (5.9%), concurrent EGFR 19 del mutation and EGFR 20 insertion in one case (2.0%), and the EGFR L858R mutation in 18 cases (35.3%). The IHC female sex hormone receptor expression and molecular EGFR mutation results appeared to be negatively associated but were not statistically significant (Table 3) .
Kaplan-Meier survival curves and the log-rank test were used to analyze the OS and PFS of the patients. The positive or negative staining of ERα was not significantly associated with OS or PFS. The staining of ERβ and PR also did not impact survival. In addition, the results of IHC staining associated with EGFR exhibited no significant differences in survival. Patients with tumors expressing ERα or ERβ were subdivided into groups according to age, sex, and tumor stage; in the subgroup of patients aged ≥ 65 years, the ERα-positive group exhibited significantly worse PFS and OS compared with the ERα-negative group (Fig. 2) .
The results of the univariate analysis demonstrated that OS was significantly associated with sex, tumor stage, and smoking history, whereas PFS was associated with tumor size, stage, smoking history, and menopause status. However, in the multivariate analysis, only sex and tumor stage were significantly associated with OS, and only tumor size was associated with PFS (Table 4 ). In the subgroup of patients aged ≥ 65 years, ERα expression was associated with PFS and OS in the univariate analysis (p = .046 and p = .031, respectively), but not in the multivariate analysis (p = .522 and p = .475, respectively) ( Table 5 ).
DISCUSSION
The present study investigated the association of female sex hormone receptor expression with clinicopathological features and prognosis in lung ADC. The results demonstrated an association between poor prognosis and ERα expression in the Ka- plan-Meier survival analysis with a log-rank test, but the association was not statistically significant in the multivariate analysis. The remaining hormone receptor expression results did not identify statistically significant associations. ERs are categorized into two subgroups, ERα and ERβ [15] . ERα, first identified in 1986, is coded by the ESR1 gene and mainly distributed in the breast, ovary, and endometrium. ERβ, identified in 1996, is coded by the ESR2 gene and distributed in various cells and tissues, including the bone, brain, colon, vascular endothelial cells, kidney, lung, ovary, prostate, and testes. In normal lung tissue, ERβ is highly expressed in alveolar and bronchial epithelial cells and involved in the maintenance of the extracellular matrix. In addition, studies using ERβ-knockout mice have reported hypoxia in the mice caused by a decrease in alveolar formation and surfactant secretion [15] . ERs contribute to intracellular signaling [16] . The complex of estrogen and ER directly acts on the estrogen response element in the nucleus and promotes gene expression through the activation of the RAS/RAF signaling pathway or the phosphoinositide 3-kinase (PI3K)/Akt signaling pathway [17] .
Studies on the significance of ERs as risk and/or prognostic factors of lung ADC have produced inconsistent results. Certain studies reported that ERα expression in the cytoplasm was associated with poor prognosis [8, 18] . A previous study reported that ERα expression in tumor cell nuclei was associated with good prognosis [19] , whereas another study identified an association with poor prognosis [20] . Studies on the expression of ERβ also produced variable and inconsistent results with different prognosis depending on the sex of the patients and the site of expression in tumor cells [8, 12, 21, 22] .
The expression patterns and rates of ERs have also been in-consistent in previous studies. The expression rate of ERα has been reported as ranging from 0%-80% and that of ERβ as ranging from 9%-98% [23] ; these wide ranges may have been due to the various types of antibodies used for evaluation. Antibodies against ERα include mouse monoclonal antibodies 1D5 targeting the amino-terminal domain, 6F11 recognizing the full-length receptor, and rabbit monoclonal antibodies SP1 and HC20, both recognizing the carboxy-terminal domain. A study on ERα expression in lung ADC reported a positive rate of 7.6% with 1D5, 14.1% with 6F11, and 27% with SP1, respectively [24] . In another study, the HC20 antibody exhibited a similar positive rate to that of 1D5 [23] . Generally, antibodies targeting the amino terminal domain exhibit a positive rate of 0%-40% [11, 25] , those against the carboxyl terminal domain exhibit a positive rate of 36%-79% [22, 26] , and those recognizing the full-length receptor exhibit a positive rate of 0%-80% [11, 27, 28] . Antibodies against ERβ also have various types recognizing full-length receptor and splicing variants; a previous study reported that those targeting the amino-terminal exhibited a positive rate of 49%, and the antibody against the carboxyl-terminal exhibited a positive rate of 48%-51%, demonstrating relatively consistent expression, regardless of the target domain, compared with the ERα antibodies [23] . The absence of consensus on the criteria for "positivity" in IHC evaluation may also have caused the inconsistent results. Although most of the previous studies used both the proportion of stained cells and the staining intensity, the specific methods were inconsistent. In addition, the criteria for determining the positive results were divided into nuclear and cytoplasmic staining in certain studies, which led to further confusion and discrepancy.
Expression of PR has been demonstrated to increase the se- cretion of vascular endothelial growth factor (VEGF), which promotes tumor angiogenesis and contributes to tumorigenesis [29, 30] . A previous study in which ER and PR were concurrently administered to lung cancer cell lines revealed that lung tumor cells can produce angiogenetically active VEGF. As these were inhibited by anti-progesterone treatment, the authors concluded that these cancer-promoting effects were mediated by progesterone [30] . In chemically-induced lung ADCs in mice, the expression levels of PR and EGFR were associated with each other, as well as with tumor progression [31] . However, other studies evaluating the association among the expression of PR, tumorigenesis, and prognosis of lung ADC demonstrated that PR expression was present in 8%-63% of tumors and exhibited no significant association with disease prognosis [19, 22, 32] .
The expression of AR and its relevance to lung ADC have not been well characterized yet. Several studies demonstrated AR expression in non-small cell carcinomas, which suggested the role of AR status in lung cancer [33, 34] . However, the results of studies conducted through this theoretical background were inconsistent. Berardi et al. [35] demonstrated a better OS in female non-small cell carcinoma patients with AR expression in carcinoma cells compared to those with tumors showing no AR expression. In contrast, Grant et al. [36] demonstrated that AR expression has no association with recurrence or survival in modification with the Ki-67 labeling index. In the present study, only one case expressed AR receptor positivity and therefore cannot be interpreted because of the small number.
EGFR has been identified to be upregulated in > 60% of nonsmall cell carcinomas [37] and is considered to serve an important role in the survival and proliferation of tumor cells. The EGFR signaling pathway is influenced by estrogen-activated ERβ signaling on the cell membrane. Estrogen activates the PI3K/AKT and the MEK/ERK signaling pathways, which are downstream pathways of EGFR activation, and facilitates lung cancer metastasis through epithelial-mesenchymal transition [38, 39] . However, a study evaluating the association between the expression of ERs and EGFR mutation in lung ADC failed to demonstrate a significant result [32] .
In the present study, the expression of EGFR and female sex hormone receptors was evaluated. The IHC evaluation for receptor expression revealed no significant association between female sex hormone receptors and EGFR in lung ADCs. This result was different from the negative association that has generally been observed between the expression of female sex hormone receptors and EGFR in breast cancer [40] [41] [42] ; further studies with a larger sample size may be required to validate this result.
The present study also aimed to demonstrate the association between female sex hormone receptor expression and EGFR mutation; however, although a negative association was observed, statistical significance could not be achieved.
When the expression patterns of ERα and ERβ were subdivided into groups according to age, sex, or tumor stage, and Kaplan-Meier plotting with the log-rank test was performed, the association between ERβ-expressing tumors in men and better prognosis that was previously reported in some studies [11, 12] was not observed in the present study. PR expression was detected in 54.8% of cases in tumor cell nuclei. PR expression exhibited no significant association with any of the clinicopathological features, and in the survival analysis, no significant differences were observed. The EGFR L858R mutation detected by immunohistochemistry was significantly associated with certain clinicopathological features such as age < 65 years, female sex, and no smoking history, which also exhibited well-known associations with molecularly detected EGFR mutation.
In conclusion, the present study investigated the expression of the female sex hormone receptors ERα, ERβ, and PR in lung ADCs. The expression of each receptor exhibited associations with certain clinicopathological features and prognostic factors; however, in multivariate analysis, none of the female sex hormone receptors were significantly associated with patient survival.
